During the last decade outbreaks due to methicillin-resistant Staphylococcus aureus (MRSA) have been reported with increasing frequency (1) (2) (3) (4) (5) . Although some authors argue that MRSA infections create little impact in the hospital (6) , others have demonstrated the ability of these microorganisms to cause severe infection (7) . In fact, in some institutions MRSA has become the leading cause of nosocomial bloodstream infections (8) . This has led to changes in routine empirical and culture-directed therapies, resulting in an increased consumption of vancomycin. Infection control programs ameliorated the impact of MRSA epidemics, even in institutions with limited resources (1, 2) . However, the benefits of major programs to control MRSA are still debated (9) .
In June 1990 we detected an MRSA outbreak that mainly affected patients in the intensive care unit. A series of approaches to control the infections was implemented. The present study evalu- ates the efficacy of the program based on MRSA incidence, crude and attributable mortality from MRSA infections and vancomycin consumption before and after the control measures were implemented.
Materials and Methods
Hospital. Table 1 .
Statistical Analysis. Comparisons of incidence rates were performed by chi-square for patient-days estimations (16) . Ninety-five percent confidence intervals (CI95) were calculated. For etiologic fractions, the CI95s were estimated using the approximate standard error derived from the Taylor series method (17) . Two-tailed p values < 0.05 were considered significant.
Results

Pre-Epidemic and Outbreak Period. From
January 1989 to June 1990, before the control program began, a single strain of MRSA caused 49 infections in 43 patients. The epidemic strain was resistant to methicillin, ampicillin, amoxicillin plus clavulanic acid, aminoglycosides, macrolidelincosamine group, rifampin, quinolones and imipenem. It was susceptible to vancomycin, trimethoprim-sulfamethoxazole, fosfomycin, fusidic acid and mupirocin. Organisms were lysed by phages belonging to group III.
Fifteen patients were diagnosed during the preepidemic period (January 1989 to November 1989) and 28 during the outbreak period (December 1989 to June 1990). In both periods the MRSA incidence rate was 40-fold greater in the intensive care unit than in the general wards (p < 0.0001). The sources of infections were intravascular catheter-related (n = 13), respiratory tract (n = 10), surgical wound (n = 6), urinary tract (n = 5) and miscellaneous (n = 9). There were six cases of primary bacteremia and 19 cases of secondary bacteremia. Twenty-seven patients with MRSA infection died, resulting in a crude mortality of 63 %. In 19 patients death was thought to be related to the infection, resulting in an estimated attributable mortality of 44 %. In the intensive care unit MRSA crude and attributable mortality within the outbreak period reached 87 % and 67 %, respectively.
Compared with the pre-epidemic period, in the outbreak period there was a 2.7-fold increase in the MRSA incidence rate in both the intensive care unit and the general wards (Table 2) . Differences in MRSA incidence rates between the preepidemic and the outbreak period were 5 per 1,000 patient-days (CI95 0.36-9.64, p < 0.0001) in the intensive care unit and 0.14 per 1,000 patientdays (CI95 0.07--0.21, p = 0.0180) in the general wards. In the intensive care unit MRSA crude and estimated attributable mortality rates increased 4-fold and 5.1-fold, respectively. Crude and estimated attributable mortality rate differences between the outbreak period and the pre-epidemic period were 5.3 per 1,000 patient-days (CI95 1.6-9.0, p = 0.0050) and 4.4 per 1,000 patient-days (CI95 0.5-8.3, p = 0.0067), respectively. Vancomycin consumption increased 1.4-fold (p = 0.0016). In the general wards MRSA crude and estimated attributable mortality rates increased 2.7-fold (p = 0.0180) and 2.3-fold (p = 0.2880), respectively. Vancomycin consumption increased 2.1-fold (p < 0.0001) ( Table 2) .
MRSA Control Program
Period. According to the measures described in Table 1 , MRSA-in- fected patients, their roommates and health care Workers in the intensive care unit were screened for MRSA carriage during the program period. Nasal carriage was detected in 37 of 64 (58 %) MRSA-infected patients screened. Weekly microbiologic surveillance for MRSA carriage was maintained among MRSA-infected patients even if baseline screening cultures were negative. Five of 27 (18.5 %) MRSA-infected patients with negative baseline screening cultures became carriers during their admission.
Among roommates of MRSA-infected patients in the intensive care unit and general wards, nine of 56 (16 %) and 15 of 62 (24 %) were nasal carriers (P = 0.38), respectively. In July 1990, four of 52 (7.7 %) health care workers were nasal carriers, Whereas in July 1991, when a second outbreak Was recognized, only one of 52 (2 %) health care Workers was found to be a nasal carrier (p = 0.36). CUtaneous carriage was detected in 30 % of MRSA-infected patients, in 9 % of MRSA roommates in the intensive care unit, in 10 % of MRSA roommates in the general wards and in 1.9 % of health care workers. Cutaneous carriage was alWays associated with nasal carriage.
Microbiologic surveillance was performed in 52 nasal carriers. Eradication of MRSA carriage, defined by two consecutive negative swabs (days 5 and 10 after treatment), was achieved in 42 perSOns (81%). However, seven of 31 (23 %) persons ~ lapsed within a medium follow-up of 38 days traits: 17-101 days). Organisms isolated showed the same antibiogram as the initial strain. Relapse was detected after a medium time of 52 days (limits: 17-94 days).
From the implementation of the program in July 1990 through June 1991, there was a significant reduction of MRSA-infected patients in the intensive care unit. The MRSA incidence rate dropped from 8.2 to 0.7 cases per 1,000 patientdays (p < 0.0001) (Figure 1 ). However, a second outbreak was recognized in July 1991. Five patients (18 cases per 1,000 patient-days) were affected in the intensive care unit within two months. Despite these cases, the overall MRSA incidence rate within the control program period (July 1990-December 1992) decreased 4.1-fold in the intensive care unit compared with the outbreak period.
The MRSA infection rate difference was 6.2 per 1,000 patient-days (CI95 1.9-10.5, p < 0.0001). There was also a significant reduction of both the crude and the estimated attributable mortality rates in the intensive care unit (Table 2) . Crude mortality decreased from 7.09 to 1.17 per 1,000 patient-days and estimated attributable mortality from 5.45 to 0.83 per 1,000 patient-days. Thus, there were rate differences of 5.9 per 1,000 patient-days (CI95 2.9-8.5, p < 0.0001) and 4.6 per 1,000 patient-days (CI95 2.3-6.9, p < 0.0001), respectively, compared with the outbreak period. Vancomycin consumption remained unchanged during the program period. There were no changes in MRSA incidence, mortality rates or vancomycin consumption in the general wards ( Table 2 ).
The estimated proportion of MRSA cases prevented in the intensive care unit was 76 % (CI95 28-91, p < 0.0001), and the estimated proportion of deaths prevented was 85 % (CI95 62-94, p < 0.0001). The program had no significant effect on vancomycin consumption or on MRSA rates in the general wards, although the proportion of expected deaths prevented was estimated to be 45%.
Discussion
From December 1989 to June 1990 a single strain of MRSA caused severe infections in 28 patients in our hospital. Among patients with bacteremia, over 50 % died. Subsequently, an infection control program was implemented to control this outbreak. Thereafter, MRSA infection rates decreased sharply in the intensive care unit, from 8.2 to 0.7 cases per 1,000 patient-days. The program was estimated to have prevented 76 % of new MRSA cases and 85 % of expected deaths due to MRSA in the intensive care unit. On the general wards of the hospital, MRSA cases continued to occur at a low level of endemicity, with a rate of 0.26 cases per 1,000 patient-days. However, a decrease of expected MRSA mortality of 45 % was estimated. Stringent control measures successfully controlled the outbreak in the intensive care unit and secondarily decreased MRSA mortality. In addition, in areas in which MRSA was endemic there was a reduction in the expected MRSA mortality that might be attributable to earlier detection and therapy of MRSAinfected patients.
Control measures necessary to stop MRSA outbreaks include a system of isolation and identification of MRSA reservoirs. Colonized patients and hospital personnel should be actively identified and undergo nasal decolonization (18) (19) (20) . Nasal carriage by patients is well known to be associated with increased nosocomial infection rates (21) . Furthermore, Murder et al. (22) found that MRSA-colonized patients were four times more likely to acquire staphylococcal infections than those not colonized. On the other hand, the importance of colonization among hospital personnel has been controversial (23) . Nevertheless, in some studies nasal decolonization of health care workers contributed toward ending the outbreaks (24, 25) .
In our institution MRSA nasal colonization was detected in 58 % of MRSA-infected patients.
Therefore, nasal decolonization, in addition to treatment of infection, was required in this group of patients. Asymptomatic MRSA carriage was also found in 20 % of MRSA roommates and in up to 8 % of hospital personnel. Moi'eover, five of 27 (18.5 %) patients with negative baseline screening cultures became MRSA carriers during their hospitalization period. This finding underscores the importance of maintaining microbiological surveillance until patients are discharged.
Nasal mupirocin is considered the best choice for eradication of MRSA carriage (26) , but for the period studied, mupirocin was not approved in our country. Classical schemes with topical plus oral antimicrobial agents can also eradicate the carrier status efficiently (27) . Oral trimethoprimsulfamethoxazole plus fusidic acid ointment eradicated MRSA in 81% of carriers found in our hospital. Although no resistance to fusidic acid or trimethoprim-sulfamethoxazole was observed, seven of 31 patients relapsed after a median follow-up of 52 days. Similar and even greater relapse rates have been observed with other therapeutical schemes, including the use of mupirocin (28) .
An ancillary measure recommended to control MRSA spread is the identification, on admission, of patients with previous infection or colonization due to MRSA by means of a registration system. This measure was not available in our hospital. Despite the lack of a registration system, the measures implemented in our institution successfully ameliorated the effect of MRSA infections.
An additional aim of this study was to examine the evolution of vancomycin consumption as an indicator of the impact of MRSA infections. Vancomycin usage increased 1.4-fold in the intensive care unit and 2.1-fold in the general wards during the outbreak. After controlling the outbreak, vancomycin consumption remained unchanged. In addition to the expenses incurred during an outbreak, which are related to the extended length of stay and other associated conditions or increased staffing demands (19) , excess vancomycin use remained as a consequence. This may have been a result of fear of MRSA infections by concerned physicians. Continuous feedback is needed to keep physicians updated about the distribution and frequency of MRSA infections. Furthermore, automatic stop orders limiting courses of empirical vancomycin to 24--48 hours might be effective.
In summary, although MRSA outbreaks are difficult to eradicate, stringent control programs can ameliorate the morbidity and mortality of MRSA infections. Even after the MRSA outbreak is controlled, vancomycin consumption may remain elevated. Therefore, in institutions with a history of MRSA outbreaks, vancomycin should be included in the category of antibiotics requiring close monitoring.
